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PREFACE

This report presents a comparative study of tank ("armor") develop-
ment in the Soviet Union and the United States. A principal goal of
the study was to improve the understanding of the weapons acquisition
process in these two countries. A secondary, but broader, goal was to
learn more generally about the development of technologically advanced
systems. Examination of armor development in two dissimilar countries
over many years should allow the constancies of the process to be ob-
served through shifting institutions and environments. The lessons
learned here may therefore be more robust than if based on narrower
grounds.

Development is not treated exhaustively in the report. Rather,
the author's aim has been to choose those lines of development and
those elements of the environment that best illustrate the main trends
and that figure most importantly in final outcomes. The narrative
therefore proceeds with many shifts in perspective: in some instances,
closing in for details; in others, drawing back for abstraction and
generalization. Since development cannot be understood in isolation
from its environment, the author also discusses doctrine and organiza-
tion. These matters are subsidiary to the primary interest of the
report, however, and so are treated in less detail than the development
process itself. The study is directed to persons concerned with Soviet
research and development, military R&D, and armor development, and more
broadly to persons interested in how various government organizations
have managed the development of technologically advanced systems.

The research reported here was sponsored by the Director of Net

Assessment, Office of the Secretary of Defense.
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SUMMARY

A Soviet strategic doctrine that evolved in the 1920s and 1930s
was based on the massive use of technologically advanced.military weap-
ons against an expected coalition of "aggressive capitalist nations."
Although the need for tanks en masse was questioned following World
War II, it has continued to shape policies affecting tanks.

Soviet tank development can be divided into four distinct phases:
(1) the establishment of tank design and production facilities from
1929 to 1931 to meet the demands of strategy; (2) the experimental de-
velopment and production of new technology and designs in the 1930s,
culminating in the T-34; (3) mass production of proven designs during
World War II; and (4) product improvement of well-proven designs in
the postwar period. The T-62 that first appeared in 1962 can be
directly traced to the T-34, and will continue to be onme of the prin-
cipal components of Soviet tank forces into the 1980s.

Like many Soviet weapons, tanks are relatively uncomplicated, with
emphasis placed on'commonality of subsystems and standardization of
parts. Improved weapons are primarily the outcomes of a process of
cumulative product improvement and evolutionary growth. The pattern
of simplicity, commonality, and incremental change may be in part a
successful response to the limitations and constraints of the centrally
planned, seller-dominated Soviet economy. At least equally important
influences molding the pattern of development are (1) the doctrine of
quantity and mass and (2) the relatively low skill levels of the large
citizen-army. The success of this approach to weapon development and
production during World War II has continued to dominate the Soviet
postwar years.

In the United States, tanks were distributed throughout the in-~
fantry following World War I, and U.S. military doctrine assigned them
the role of aiding infantry in the attack. General MacArthur, as Chief
of Staff, called for cavalry to assume the primary role of mechanization
in 1930, but did not centralize tanks into any one organization. The

cavalry missions, however, gradually became more important as tanks
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grew in number and capability. Large-scale maneuvers and the European
war in the late 1930s pointed to a modification of doctrine and a de-
mand for more, and more modern, tanks.

Tank R&D budgets during the interwar years were low, averaging
about $60,000 per year. Only 35 tanks were built in the United States
from 1920 to 1935, whereas the Soviet Union was producing 3000 per
year.

The prototypes built during this period provided experience in the
design, construction, and operation of the principal tank components.

In 1937, 170 M2A2 light tanks were produced using the subsystems devel-
oped earlier. An improved set of the same subsystems was used on a
medium-tank design, which evolved into the medium M3 Grant and M4 Sherman.

During World War II, production dominated U.S. tank development as
it had in the Soviet Union. More than 48,000 M4 Sherman tanks were
produced--a quantity greater than that of any other tank design.

From 1943, design centered on the experimental T20 series of medium
tanks. More than 15 configurations were built that tested various com-
binations of guns, transmissions, and suspensions. The M26 Pershing
evolved from this series. Product improvement and evolutionary changes
to the M26 produced the M60. Several improved M60 variants will form
the bulk of U.S. tank forces well into the 1980s.

In the 1960s, the evolutionary style of tank development was dis-
placed by the "weapons system concept' whereby the tank as a whole and
most subsystems were developed simultaneously to high levels of perform-
ance that pushed the technological state of the art. These systems were
very expensive to develop and produce. Moreover, they became available
much later than planned, and their performance levels proved disappointing.

The cost per ton of tanks, when adjusted for inflation, has shown
no trend (either up or down) from 1918 to 1960. However, the cost of
tanks developed according to the weapons system concept was two to three
times greater than that of previous tanks.

From the more than 50 years of armor development in the United States
and the Soviet Union, an effective R&D strategy can be abstracted:

(1) product improvement of existing designs; (2) independent development
of components and technology; and (3) construction and testing of ex-

perimental prototypes.
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I. TINTRODUCTION

GOALS OF THE STUDY

The research and development community in which weapons are de-
veloped is part of a larger matrix that includes the user of the equip-
ment and his doctrine, the political leadership and their priorities,
and society, with its values and capabilities in which the entire R&D
process is embedded. The flow of causality in this structure is not
unidirectional but multilateral and simultaneous. The generation of
new systems does not proceed in a simple, logical fashion; it is con-
ditioned by the complex set of incentives, constraints, and interactions
of the participants. Nevertheless, study of research and development
yields important insights, for it is there that the outcomes of the
entire process become manifest--not in plans, not in intentions, not
in theoretical possibilities, but in new military weapons. Often, how-
ever, outside forces cannot be ignored. The development of tanks, the
subject of this report, is therefore placed in the context of history
and doctrine, of personal influences, and of organizational dynamics.

A principal goal of this study is to develop a deeper understand-
ing of the weapons acquisition process in the Soviet Union and the
United States. More generally, I would like to explore the empirical
relationships that are part of the development of technologically ad-
vanced systems, of which weapons are prime examples. Examination of
the advancement of a particular technological capability such as tanks
in two dissimilar countries over many years should enable the constancies
of the R&D process to be observed against a background of shifting in-
stitutions and radically different environments. The lessons that emerge
should thus be more robust than if based on a single country or a shorter

time period.

CONCEPT OF COMPLEXITY
The concept of complexity as it is used in this study and in other

analyses of U.S. and Soviet weapons requires clarification. To begin
with, the simple dictionary definition of "complex" is sufficient for
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present purposes: ''characterized by a very complicated, involved, or
intricate arrangement of parts."

Complexity is a useful concept when applied comparatively rather
than absolutely. That is, a standard of comparison is necessary in
order to use the term "more or less complex." Thus, current Soviet
tanks are more complex than Soviet tanks of World War II, but less com-
plex than today's U.S. tanks.

Complexity is also more useful when it refers to the mechanisms
of equipment rather than to those performance characteristics or at-
tributes that give a product value in use. That is, a distinction
should be made between inputs and outputs, between the internal arrange-
ments by which performance levels are achieved and the performance levels
themselves.

An important empirical (not definitional) relationship is that be-
tween complexity and performance. Systems tend to be more complex as
the number of functions that are performed, and the performance levels
sought in those functions, are increased. But performance is not the
only correlate of complexity. The greater the range of technology from
which designers can draw, the lower the level of complexity. For ex-
ample, today's small hand-held calculators, based on large-scale inte-
grated circuits, are much less complex than their mechanical predecessors,
with their gears, levers, and motors. Moreover, these small electronic
calculators perform many more functions faster, with greater precision,
and cheaper. Thus it is advanced technology that has made this sim-
plicity possible.

Another influence on complexity is design creativity, which may be
encouraged or inhibited by R&D strategy or style. For example, flexible,
experienced design teams that can respond to the surprises of R&D are
more likely to be creative than those that have little continuity and
are constrained by rigid, pre-established plans.

In analyzing a system, one should clearly distinguish between its
value and its complexity and performance. The links among value, per-
formance, technology, and complexity are elastic. Doctrine and threat
introduce important asymmetries into the valuation of weapons. Effective
weapons need not be high-performing, multiple-functioned, technologically

o
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advanced systems, and vice versa. Take, for example, the Soviet's

World War II tank, the T-34--said by many to be one of the most success-
ful tanks in history. Compared with World War II tanks of Western
countries, it was exceedingly uncomplicated (although, as a 30-ton
armored fighting vehicle it was certainly more complex than a truck

or tractor). The T-34 lacked many of the features and subsystems found
on other tanks. The systems it did possess did fewer things, often less
well, than those of its contemporaries. And even though the Soviets
were considerably less advanced in military technology than other par-
ticipants in the war, their creative design, judicious choice of func-
tions, and effective development strategy enabled the T-34 to outperform
contemporary tanks in the most important tank missions. Twenty-five
years later, the Soviet T-62 performed more tasks and demonstrated
higher levels of performance than the T-34, but once again it was less
complex than tanks designed by the United States and other countries.
The T-62 is, of course, more complex than the T-34, but not as much as
its increased capability would suggest, since in the intervening years
Soviet technology has also moved ahead.

To sum up, analysis of complexity should be comparative or relative--
not absolute. It should refer to mechanisms or inputs--not to outputs.
Complexity tends to be related to the number of functions, performance
levels, technological capabilities, and design creativity, whereas value

is only loosely related to the specifications of a system.

SUMMARY OF FINDINGS

Several relationships in the weapons acquisition process will be

highlighted in this historically based, summary comparison of U.S. and
Soviet armor development: (1) the interactions among development,
doctrine, perceived threats, and economic and technological capabil-
ities; (2) the dependency of the style of the development process on the
rate of technological change and on the choice of what to produce; and

(3) the effectiveness of alternative R&D strategies.

Doctrine, Threat, and Capabilities

A particular weapon's value, and hence the goals of design, are not
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independent of national context. Other things being equal, the United
States would rationally choose more advanced equipment than the Soviet
Union because of its superior level of technology and its efficient
production and economic capabilities compared with the overly con-
strained, planned economy of the Soviet Union.1 But other things are
not equal, and dissimilar values, combined with asymmetrical doctrines
and threat perceptions, have resulted in U.S. equipment that is gener-
ally more technologically advanced, complex, and costly than relative
efficiencies would dictate.

In weapons acquisition, doctrine is the chief determinant of what
to produce; the urgency of the perceived threat influences the resources
committed; and economic and technological capabilities shape the choice
between quality (performance) and quantity. When the process is work-
ing well, the requirements of doctrine, threat, and capabilities will
not be inconsistent with each other--except perhaps in the short run.
Over the long run, the acquisition process (ideally) 1is interactive
as conditions change and as elements of the environment react with each
other. For example, new technological opportunities may alter doctrine;
or particular technological shortcomings with respect to new threats
may call forth additional resources or stimulate changes in procedures
directed toward overcoming the technological difficulties. Over the
years, the Soviet weapons acquisition process has shown a remarkable
consistency. In the United States, however, weapons acquisition activ-
ities have proceeded at times with little feedback or interaction.

This was especially true of the interwar years.

Soviet doctrine before World War II was derived from a belief that
the USSR would have to face an aggressive coalition of the main imper-
ialist powers. The mass use of men and equipment was therefore a neces-
sary condition for survival.2 The United States, on the other hand,
had very small armies imposed by Congress and a doctrine based on the

premise of adequate time for mobilization in case of war. Prewar armor

1See Section VIII for a more detailed discussion of the Soviet

system.

ZSee Section II for a discussion of Soviet doctrine.
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developments reflected these disparities. The Soviet Union each year
mass-produced tanks by the thousands, in greater numbers than any other
country, whereas total U.S. production in the 20 years between 1919 and
1939 was considerably less than 1000--most of those being machine-gun-~
armed light tanks built during the rearmament of 1939.

As a result of the absence of native Soviet automotive design and
production resources in the early 1930s, the political leadership
borrowed Western technology in massive amounts to initiate the arma-
ments buildup associated with the first Five Year Plan. Progress in
tank design required broad, parallel advances iﬁ all tank subsystems,
experiments in alternative configurations, and the assimilation of new
production techniques.

The mass production of tanks demanded by Soviet doctrine imposed
a requirement for simply designed equipment that was easy for Soviet
factories and manpower to produce, operate, and maintain.

The United States, on the other hand, possessed the most advanced
automotive and tractor industry in the world, matched by a trained,
educated work force. Since annual tank R&D budgets averaged only about
$60,000 during much of this period, tank designers were constrained to
take advantage of advancing civilian technology. U.S. Army Ordnance
adopted a strategy emphasizing component development, giving lower
priority to prototype construction--about one new prototype or modifi-
cation of an older model was produced each year. Production could
hardly be contemplated, especially in a period when unsettled tank
technology could quickly make equipment obsolete. U.S. tank development
was also influenced by a belief that research could meet the specifica-
tions laid out by military planners. Many of the designs that were
requested were both unrealistic and inconsistent with budgets and
technology.

Throughout the 1920s and 1930s, U.S. doctrine assigned tanks to
an infantry-support role (later in this period cavalry roles were added).
Large tank units were never contemplated by official doctrine. Most
U.S. war plans at that time assumed that large-scale military activities
would require (and time would permit) a mass mobilization of armies and

production capacity. Given the budgets, doctrine, and national economic




capabilities, U.S. behavior was internally consistent. However, in the
absence of warfare, maneuvers, or operational experience, and given the
conservative attitudes of a closed military establishment, armor devel-
opment proceeded in a linear fashion: specifications were drawn in
accordance with the principles laid down by doctrine, and research was
asked to respond. It was not until the late 1930s that doctrine was
amended to incorporate the results of two decades of technological change
and the experience from both the initial stages of the European war and
domestic maneuvers. It is a measure of the utility of continuous, though
modest, development experience that when weapons were required on a large
scale with the coming of war, U.S, science, technology, and production
could quickly respond. :

Following the war, and to a large extent based on the experience
of the war, Soviet doctrine continued its prewar emphasis on the impor-
tance of the mass use of armor. Tanks are still produced in the thous-
ands, but tank design and production are now a mature industry. As in
the 1930s, the constraints of the civilian economy and the costs of
producing and maintaining an inventory of some 40,000 tanks have con~
tinued to place firm bounds on performance, complexity, and change.

In the United States, postwar doctrine emphasized nuclear-armed,
long-range aircraft and missiles. Armor R&D budgets were very small
compared with the resources devoted to these strategic weapons, and
product improvement based on component developments became the explicit
strategy for advancing tank performance. The experimental prototypes
that were produced were often novel in concept, though limited in the
resources devoted to them. This pattern continued until the late 1950s
when, for various reasons, U.S. tank development shifted to the."weapona
system" concept of development pioneered by the Air Force. One of the
reasons for this shift was the belief that the growing mass of Soviet
armor could only be countered by high-quality (i.e., high-performance)
weapons, and the application of weapons system strategy to tank R&D was
seen as the appropriate method for doing this. Another stimulus behind
this strategy was the notion that "nothing is too good for the American
fighting man." Ignored was the possibility that if "nothing is too
good," nothing may be available. The programs of the 1960s have proved,




in retrospect, to be too expensive and too complex to deploy, and very
expensive to develop. Because procurement budgets are not limitless,
a high-quality goal for individual weapons has not always been commen-

surate with overall quality of the fighting forces.

Choice, Style, and Technology

Though conceptually independent, R&D styles are often influenced
by the state of technology and the choice of what is to be developed.
During stages of rapid technological advance, efforts have concentrated
on experimental prototypes and on expanding the technological base.
This was especially true of armor development in the 1930s in the Soviet
Union and during World War II in the United States. In times of con-
solidation and maturity, product improvement has been the main source
of advancing performance, as illustrated by the postwar years in both
countries. When, for reasons of perceived extreme threat, very rapid
and large improvements were desired that required the simultaneous

development of diverse subsystems and technologies, the weapons system

strategy was employed in the United States (but not in the Soviet Union).

The same strategy was also employed for less urgent programs, The weapons

system strategy was inefficient for the nonemergency development pro-
gram because it was based on the assumed attainability of preconceived
goals and demanded the resources necessary to achieve them, while at
the same time it encouraged the participation of outsiders who had con-
tributed their necessary support to establish the program. These pro-
grams thus suffered from rigid, overconfident expectations and external
interference and lacked the flexibility and internal autonomy required
for efficient R&D.

Effective R&D Strategies ’

From 50 years of armor development, an R&D strategy can be ab-
stracted that appears to have been effective in both the United States
and the Soviet Union, in wartime and peacetime, during rapid techno-
logical change and periods of consolidation, and with large budgets
and small. This long-run R&D strategy consists of (1) product improve-
ment of existing designs; (2) independent development of components and
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technology; and (3) construction and testing of experimental proto-
types. Technological advance through product improvement and evolu-
tionary change manages the uncertainty of any R&D program largely by
placing constraints on the size of the problem. Although evolutionary
change cannot be the answer to every demand for increased performance,
there is often the potential for extensive improvement through cumula-
tive incremental changes.

The improved elements for incremental change must come from ef-
forts devoted to component and technology development. A potential
problem with the component dévelopment approach is that either the
component or the system may not be available at a prespecified date,
and the resources spent on both will have been wasted. This is less
likely to occur when there are two ongoing streams of product improve-
ment and component development. Improvements can be made when compo-
nents are ready, and there is usually a system awaiting improvement.

Product improvement, however, may eventually reach the point of
diminishing returns. Experimental prototypes have been historically
effective in assessing new configurations, novel combinations, and even
wholly new concepts. They are especially useful for determining whether
an older product is no longer worth improving and whether a new design
ought to be fully developed and produced.

This three-stranded R&D strategy can be applied in quite different
environments by varying the emphasis on each of its elements. For exam-
ple, when technology is fluid and ambiguous, emphasis is on the con-
struction of experimental prototypes and on building up the technological
base; during periods of infrequent change, emphasis shifts to product
improvement as the chief means of enhancing performance. The findings
of this study suggest that this approach is a workable and efficient
R&D strategy for developing technologically advanced equipment.




II. THE DEVELOPMENT OF SOVIET ARMOR: DOCTRINE AND USE OF ARMOR EN MASSE

In the 1920s and 1930s, Soviet strategic doctrine, together with a
more general theory of war that evolved during that period, called for
the mass use of tanks in both the breakthrough and exploitation phases
of combat. However, the relative importance of breakthrough and ex-
ploitation was hotly debated over the years, and organizational forms
were continually modified in an attempt to balance the demands for
masses of infantry-assigned tanks for breakthrough missions and for
large, independent tank units for exploitation tactics. With respect
to tank development and production, the critical aspect of the doctrine
was independent of the disputed claims for priority: large numbers of
tanks were required for both roles. Indeed, the larger the number, the
better both uses could be satisfied and the underlying tensions between

them relieved.

SOVIET PHILOSOPHY OF MASS PRODUCTION

The demands of mass production and mass use have placed firm con-
straints on tank design that continue to be felt today. Comparatively
simple designs, easy and cheap to mass produce, have characterized
Soviet armor since the 1930s. A weapon produced and used in large num-
bers should also be easy to operate and maintain, reliable, and yet not
be markedly inferior to enemy weapons. Standardization of parts, mul-
tiple use of components between different models of the same generation,
limited change between models of succeeding generations, and, most
important, a restrained selection of functions and performance levels
have been the means for achieving Soviet weapon design goals.

The fact that Soviet industry is relatively efficient in the de-
sign and mass production of this type of system, and relatively inef-
ficient in the production of more complex, high-technology weapons,
validates the rationality of the doctrine. That is, the technological
and production capabilities of the Soviet economy would themselves
direct choice in directions consistent with the requirements imposed by
doctrine, and thus doctrine and technology have mutually reinforced
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each other. Out of this melange of doctrine and economic capability
has come the huge present inventory of some 40,000 tanks and an emphasis

on incremental change as the means for increasing quality.

SOVIET STRATEGIC DOCTRINE

The Soviet doctrine of mass, and its interaction with design and
production technology, was refined and entrenched by World War II ex-
perience.1 Therefore, to understand Soviet armor development, one must
seek out the roots of current behavior and philosophy in the events of
past decades.

A general strategic doctrine, derived from a general theory of
war, emerged in the Soviet Union in the 1920s and 19308.2 The princi-

pal assumptions of the general theory of war were as follows:

1. The USSR, sooner or later, would have to confront an
aggressive coalition of the main imperialist powers.
The war aim of the Soviet Union would then be to bring
about the destruction of capitalist imperialism.

2. The war would be a long one.

3. The war would require total mobilization of manpower
and economic potential.

4. The role of military technology would increase enormously.
Hence, the manpower mass would be reinforced by advanced

weapons.

16enera1 of the Army, I. Pavlovsky, Deputy Defense Minister and
Commander in Chief of the Land Forces, confirms the continuing relevance
of the earlier experience. 'Thirty years have elapsed since the final
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